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DESCRIPTION 



Flat Knitting Machine, Knitting Program, 
and Method for Generating Knitting Program 

Technical Field 

The present invention relates to control of a movable yam guide in a flat knitting 
machine. 



Background Art 

In a type of flat knitting machine, a movable yam guide moves along a yam guide 
rail, and guides a yam fed to a yam carrier. The movable yam guide is required when the 
needle bed is long. The movable yam guide is provided at a position between an end of the 
yarn guide rail and the yam carrier for guiding the yam supplied from a fixed yam guide to 
the yam carrier at a middle position between the fixed yam guide and the yam carrier. 
Thus, slack or swing of the yam is prevented, and entanglement of yams is prevented. 

According to the disclosure of Japanese Laid-Open Patent Publication No. 58- 
126351, a pair of left and right movable yam guides are connected together, and a yam 
carrier provided between the movable yam guides are freely movable without interference 
with coupling means of the movable yam guides. When the yam carrier contacts the 
movable yam guide, the yarn carrier pushes, and moves the movable yam guide. Further, 
according to the disclosure of Japanese Patent No. 2857840, a movable yam guide 
accompanies a yam carrier. 

In the case of Japanese Laid-Open Patent Publication No. 58-126351, the movable 
yarn guides are not always kept at the desired positions. For example, when the yam 
carrier pushes the movable yam guide, the distance between the yam carrier and one of the 
movable yam guides is too small, and the distance between the yam carrier and the other of 
the movable yam guides is too large. Further, until the yam carrier contacts the movable 



yarn guide, though the movable yam guides are positioned at substantially suitable 
positions, these positions are not always the optimum positions. For example, assuming 
that the distance between the pair of movable yam guides is 1/2 of the needle bed length, 
the distances between the movable yam guides and the yam carrier fall within the range of 
0 to 1/2 of the needle bed length. However, the range is too wide, and cannot be said as the 
suitable range. In the case of Japanese Patent No. 2857840, while the yam carrier 
accompanies the movable yam guide, the distance between the yam carrier and the 
movable yam guide is too small. Therefore, it is not possible to accompany the movable 
yam guide with the yam carrier, and perform knitting at the same time. Thus, it is 
necessary to move the yam carrier and the carriage only for accompanying the movable 
yarn guide with the yam carrier. 

Summary of the Invention 

An object of the present invention is to provide a flat knitting machine, a knitting 
program, and a method of generating the knitting program in which it is possible to simply 
place a movable yam guide at a suitable position relative to a yam carrier. 

Another object of the present invention is to make it possible to change the position 
of a movable yam guide while knitting using a yam carrier, and maintaining the minimum 
distance between the yam carrier and the movable yam guide. 

A still another object of the present invention is to minimize the movement of a 
carriage for providing a movable yam guide at a suitable position. 

According to the present invention, a flat knitting machine comprises a yam carrier 
and a movable yam guide provided along a yam guide rail, and a carriage having 
accompanying means. The accompanying means is capable of allowing accompaniment of 
the yam carrier, and releasing the accompaniment of the yam carrier, and also capable of 
allowing accompaniment of the movable yam guide, and releasing the accompaniment of 
the movable yam guide. Control data for the movable yam guide is provided in a knitting 
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program to control the carriage such that the position of the movable yam guide is kept 
within a predetermined range relative to the yam carrier for allowing the accompaniment of 
the movable yam guide by the accompanying means. The control data for the movable 
yam guide may be generated or memorized in advance, before starting knitting. 
5 Alternatively, the control data for the movable yam guide may be generated instantly based 
on control data for the yam carrier or the like. 

It is preferable that the carriage has a plurality of cam systems for operating a 
needle on a needle bed and a plurality of the accompanying means along a longitudinal 
direction of the needle bed, and one of the accompanying means along the longitudinal 

10 direction of the needle bed accompanies the yam carrier, and at the same time, another 
accompanying means accompanies the movable yam guide. For example, the 
accompanying means is used for moving both of the yam carrier and the movable yam 
guide. Accompanying means for the accompaniment of the movable yam guide may be 
provided at opposite ends of the yam guide rail of the carriage or the like, in addition to the 

1 5 accompanying means for the yam carrier. 

It is particularly preferable that the position of releasing the accompaniment of the 
movable yam guide is selected such that the carriage does not move only for allowing the 
accompaniment of the movable yam guide. 

Further, it is preferable that the flat knitting machine is further provided with means 

20 for converting control data for the yam carrier in the knitting program into the control data 
for the movable yam guide. 

According to another aspect of the present invention, a knitting program for use in a 
flat knitting machine for operating a needle of a needle bed by a carriage and moving a 
yarn carrier provided in a yam guide rail is provided. The flat knitting machine comprises 

25 the yam carrier and a movable yam guide provided along the yam guide rail, and the 

carriage having accompanying means. The accompanying means is capable of allowing 
accompaniment of the yam carrier, and releasing the accompaniment of the yam carrier. 



and also capable of allowing accompaniment of the movable yam guide, and releasing the 
accompaniment of the movable yam guide. Control data for allowing the accompaniment 
of the movable yam guide by the accompanying means is provided in the knitting program 
to control the carriage such that the position of the movable yam guide is kept within a 
predetermined range relative to the yam carrier. 

According to still another aspect of the present invention, a method of generating a 
knitting program for use in a flat knitting machine for operating a needle of a needle bed by 
a carriage and accompanying a yam carrier provided in a yam guide rail by the carriage is 
provided. The flat knitting machine comprises the yam carrier and a movable yam guide 
provided along the yam guide rail, and the carriage having accompanying means. The 
accompanying means is capable of allowing accompaniment of the movable yam guide, 
and releasing the accompaniment of the movable yam guide. Control data for the yam 
carrier is provided in the knitting program. The control data for the yam carrier is 
converted to generate control data for the movable yam guide for allowing the position of 
the movable yam guide to be kept within a predetermined range relative to the yam carrier. 

Advantages of the Invention 

In the present invention, the carriage accompanies the movable yam guide in 
accordance with the control data for the movable yam guide in the knitting program. 
Therefore, the position of the yam carrier is controlled finely, and the yam carrier is always 
kept at a suitable position relative to the yam carrier. In the stmcture, it is possible to 
smoothly feed the yam to the yam carrier. Unlike the stmcture in which the yam carrier 
pushes the movable yam guide to move the movable yam guide, the suitable distance 
between the yam carrier and the movable yam guide is maintained even during the 
movement of the movable yam guide. 

In the case where the carriage is provided with a plurality of accompanying means 
along the longitudinal direction of the needle bed, when one of the accompanying means 



accompanies the yam carrier, and the other of the accompanying means accompanies the 
movable yam guide, an interval corresponding to the accompanying means is formed 
between the yam carrier and the movable yam guide. The interval roughly corresponds to 
the interval between the cam systems for operating the needle bed. Thus, while supplying 
the yam from the yam carrier and knitting, it is possible to move the movable yam guide 
while maintaining a predetermined interval from the yam carrier to the movable yam 
guide. 

Depending on the position of releasing the accompaniment of the movable yam 
guide, at the time of the next accompaniment of the movable yam guide, it may become 
necessary to move the carriage only for the accompaniment of the movable yam guide. 
This occurs when the stroke of the yam carrier is decreased. When the accompaniment of 
the movable yam guide is released in accordance with the preceding stroke, at the time of 
starting the next accompaniment, if the stroke of the carriage is determined without 
considering the position of the movable yam guide, the accompaniment of the movable 
yam guide may not be possible. Therefore, by determining the accompaniment release 
position of the movable yam guide such that accompaniment can be started without 
excessive movement of the carriage at the time of next accompaniment of the movable yam 
guide, the knitting efficiency does not decrease due to the accompaniment of the movable 
yam guide. 

For example, the control data for the movable yarn guide may be generated by a 
knit design apparatus. Altematively, the control data for the movable yam guide may be 
generated by the flat knitting machine. Since the control data for the yam carrier is 
included in the knitting program conventionally, based on the control data for the yam 
carrier, it is possible to generate the control data for the movable yam guide simply. 

Further, by generating the control data for the movable yam guide based on the 
control data for the yam carrier by the flat knitting machine, using the knitting program 
which does not include any control data for the movable yam guide, it is possible to control 
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the movable yam guide while knitting. 

Brief Description of the Drawings 

FIG. lis a view showing positions of a yam carrier and movable yam guides 
5 according to an embodiment. 

FIG. 2 is a view showing the cross section of a yam guide rail and the movable yam 
guide according to the embodiment. 

FIG. 3 is a view showing positions of cam systems and accompanying units of a 
carriage. 

10 FIG. 4 is a diagram showing structure for generating control data for the movable 

yarn guide in a knit design apparatus or a flat knitting machine according to the 
embodiment. 

FIG. 5 is a flow chart showing an algorithm for generating the control data for the 
movable yam guide according to the embodiment. 
1 5 FIG. 6 is a flow chart showing an algorithm for generating the control data for the 

movable yam guide according to a modified embodiment. 

FIG. 7 is a view showing trajectories of the yam carrier and the movable yam 
guides according to the embodiment. 

20 Embodiments 

Hereinafter, embodiments in the most preferred form for carrying out the present 
invention will be described. 

An embodiment and its modified embodiment will be described with reference to 
FIGS. 1 to 7. In the drawings, a reference numeral 2 denotes a yam guide rail of a flat 
25 knitting machine. The yam guide rail 2 supports a yam carrier 4 and movable yam guides 
6 for feeding yams 10, 11 to needles on needle beds such that the yam carrier 4 and the 
movable yam guides 6 are fireely movable. Fixed yam guides 9 are provided at rail ends 8. 



The movable yam guides 6 guide the yams between the fixed yam guides 9 and the yam 
carrier 4. Preferably, each of the movable yam guides 6 is at substantially the central 
position between the yarn carrier 4 and the fixed yarn guide 9. The position of the movable 
yarn guide 6 is not limited to exactly the central position between the yam carrier 4 and the 
fixed yam guide 9, and may be deviated fi-om the central position between the yam carrier 
4 and the fixed yam guide 9. In the embodiment, the movable yam guides 6 are controlled 
based on the assumption that the distance between the movable yam guides and the yam 
carrier is within a predetermined range, and the pair of left and right movable yam guides 
do not move beyond the central position of the yam guide rail. As described above, for 
example, the pair of movable yam guides 6 are provided on both left and right sides of the 
yam carrier 4. If the yarn guide rail 2 is sufficiently long, a plurality of movable yam 
guides 6 may be provided on each of the left and right sides. Altematively, the movable 
yam guide 6 may be provided only on one of the left and right sides. L in FIG. 1 denotes 
the length of the yam guide rail 2 which is the same as the length of the needle bed, and 
equal to the maximum stroke of the carriage in the flat knitting machine. The yams may be 
fed to the yam carrier 4 from both of the left and right sides, and may be fed fi-om only one 
of the left and right sides. A pair of projections 12, 13 are provided at each of the yam 
carrier 4 and the movable yam guides 6 so that the movable yam guides 6 may be 
accompanied the yam carrier 4 by accompaniment pins of the carriage. 

As shown in FIG. 2, for example, a pair of yam holes 14, 15 are provided under the 
movable guide 6. The projection 12 is provided for left movement in FIG 1, and the 
projection 13 is provided for right movement. By operation of the accompaniment pin 16 
vertically moving by operation of a solenoid (not shown) or the like, it is possible to 
perform the accompaniment, and release the accompaniment. 

Next, referring to FIG. 3, for example, reference numerals 20 and 21 denote a pair 
of front and back needle beds. A carriage 22 moves back and forth on the needle beds 20, 
21 to operate needles on the needle beds. In the embodiment, the carriage 22 is provided 
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with four cam systems for operating the needles on the needle beds. The cam systems are 
arranged in series in the longitudinal direction of the needle beds 20, 21 . Four sets of 
accompanying units 24 for allowing the accompaniment of the yam carrier 4 and the 
movable yam guides 6 and releasing the accompaniment of the yam carrier 4 and the 
5 movable yam guides 6 are provided for the respective cam systems. That is, the joint 

movement units 24 accompany the yam carrier 4 and the movable yam guides 6 to the right 
side or the left side. 

In the embodiment, for example, the length L of the needle beds 20, 21 is 80 inches, 
and for example, the cam systems of the carriage 22 are provided at intervals of 6 inches. 

10 Therefore, the joint movement units 24 are also provided at intervals of 6 inches. In the 
embodiment, the carriage 22 has four cam systems. Altematively, the carriage 22 may 
have two cam systems or three cam systems. In another example, two carriages moving on 
the needle beds are provided separately on the left side and on the right side, one or two 
cam systems are provided for each of the carriages, and the number of the joint movement 

1 5 units 24 corresponds to the number of the cam systems. 

FIG. 4 shows the relationship between generation of a knitting program and the flat 
knitting machine. A knit design apparatus 30 performs a design for knitting. An automatic 
control data generation unit 32 converts the designed data for knitting to automatic control 
data (knitting data) for performing knitting by driving the flat knitting machine 42. The 

20 automatic control data 34 includes data of the movement stroke of the carriage, and data for 
controlling the needle such as needle selection, knit, tuck, miss, and transfer, yam carrier 
control data 36 for controlling the yam carrier, and other various items of data required for 
knitting a knitted fabric. A movable yam guide control data generation unit 33 generates 
movable yam guide control data 37 based on the yam carrier control data 36 to control the 

25 movable yam guide on the same yam path as the yam carrier to be positioned within a 

predetermined range from the yam carrier, and adds the movable yam guide control data 37 
to the automatic control data. 



After the movable yam guide control data 37 is added to the automatic control data, 
the automatic control data is sent to the flat knitting machine 42 from a disk drive 38 to the 
flat knitting machine 42 through a suitable disk 39 such as a CD-ROM or a flexible disk, or 
through a LAN interface 40. A reference numeral 44 denotes a control unit for the flat 
knitting machine. The control unit 44 operates the carriage or the like in accordance with 
the automatic control data. Instead of providing the movable yam guide control data 
generation unit 33 for the knit design apparatus 30, a similar movable yam guide control 
data generation unit 45 may be provided for the control unit 44 of the flat knitting machine 
42. The yam guide control data generation unit 45 generates control data for the movable 
yam guide based on the automatic control data which does not include any control data for 
the movable yam guide. In this case also, preferably, the control data for the movable yam 
guide is generated based on the control data for the yam carrier to control the movable yam 
guide to be positioned within a predetermined range from the yam carrier. 

FIG. 5 shows an example of a generated algorithm for the movable yam guide. It is 
assumed that the control data for the yam carrier has already been generated. In step 1, the 
control data (movement range) for the yam carrier is read for one course. Then, the control 
data for the movable yarn guide is generated to control the movable yam guide to be 
positioned within a predetermined range with respect to the yam carrier (step 2). Suitable 
values for the interval between the yam carrier and the movable yam guide are determined. 
For example, the minimum interval between the yam carrier and the movable yam guide is 
6 inches, and the maximum interval between the yam carrier and the movable yam guide is 
20 inches. Further, at the end of operation in each course, preferably, the movable yam 
guide should be at substantially the central position between the fixed yam guide and the 
yam carrier. It is not absolutely necessary to observe this final rale. For example, it may 
not be necessary that the movable yam guide is arranged at substantially the central 
position between the yam carrier and the fixed yam guide if such arrangement increases the 
stroke of the carriage. In the embodiment, there is a constraint that the movable yam guide 



on the left side does not enter the right half of the yam guide rail, and the movable yam 
guide on the right side does not enter the left half of the yam guide rail. 

In the processes of steps 1 and 2, knitting is performed by accompanying the yam 
carrier and the movable yam guide in the same course such that the interval between the 
yam carrier and the movable yam guide is kept within the range of 6 to 20 inches. 
However, if the position of staring the accompaniment of the movable yam guide falls 
outside the movement stroke of the carriage in the course, the accompaniment of the 
movable yam guide is not possible. Thus, in step 3, it is determined whether it is possible 
to accompany the movable yam guide. If the accompaniment is not possible, a course 
which allows preliminary movement of the movable yam guide to a position where the 
accompaniment can be started is searched, among the preceding courses (step 4). In the 
knitting program, other than the case where it is the first time to perform the 
accompaniment of the movable yam guide, there is a course which allows the 
accompaniment of the movable yam guide, among the preceding courses. Therefore, the 
accompaniment of the movable yam guide in the searched course is added to the knitting 
program, so that the accompaniment of the movable yam guide can be started in the course 
of step 2 (step 5). In step 6, it is checked whether the movement of the yarn is in the final 
course or not. When the final course is processed, generation of the control data for the 
movable yam guide is finished. In the case where a plurality of yam carriers are used, the 
algorithm of FIG. 5 is processed for the control data for the respective yarn carriers. 

A problem in the control of the movable yam guide is that if the position of 
releasing the accompaniment of the movable yam guide is not suitable, at the time of 
starting the next accompaniment, the carriage needs to move only for allowing the 
accompaniment of the movable yam guide. In order to eliminate the problem, in the 
algorithm of FIG. 5, processes of step 4 and step 5 are added. A modification to the 
algorithm is shown in FIG. 6. Steps 1, 2, and 6 of FIG. 6 are identical to steps 1, 2, and 6 
of FIG. 5. In FIG. 6, each time the control data for the movable yam guide for one course 



is generated, in step 1 1, for example, it is determined whether the end of the stroke of the 
carriage, i.e., the position where the stroke is finished protrudes beyond the end of the 
subsequent stroke or not. In the case where the end of the stroke protrudes beyond the end 
of the subsequent stroke, if the accompaniment of the movable yam guide is released at a 
position near the end of the stroke, it may not be possible to start the next accompaniment 
of the movable yam guide. Therefore, in the case where the end of the stroke of the 
carriage protrudes beyond the end of the subsequent stroke, at the accompaniment release 
position temporarily determined in step 2 as described above, it is determined whether the 
next accompaniment of the movable yam guide can be started or not (step 12). If there is 
any problem for starting the accompaniment, in the next course returning from the end of 
the stroke, the control data for the movable yam guide is modified to control the movable 
yam guide to return toward the center of the knitting width (step 13). 

In the algorithm in FIG. 6, whether the stroke of the carriage protmdes or not is 
determined based on the position where the stroke is finished. Alternatively, whether the 
stroke of the carriage protmdes or not may be determined based on the end position where 
the stroke is started. Further, the control algorithms of FIGS. 5 and 6 can be changed as 
necessary. In the case where accompaniment of the movable yam guide is not possible, 
i.e., in the case where the interval between the movable yam guide and the yarn carrier is 
too wide at the time of starting a coxirse, the position of the movable yam guide should be 
corrected in a preceding course such that the interval between the movable yam guide and 
the yam carrier at the time of starting the course falls within a predetermined range. 

FIG. 7 shows an example of movement strokes of left and right movable yam 
guides. The central trajectory represents a trajectory of the yam carrier. The lengths of the 
needle beds and the yam guide rail are 80 inches. Yams are fed from the left and right yam 
guides to the yam carrier. For example, the interval between the yam carrier and the 
movable yam guide is in the range of 6 to 20 inches. The left and right movable yam 
guides do not move beyond the center of the yam guide rail. For example, the carrier has 



four systems, and the accompanying unit corresponding to the system at the right end is 
used for accompanying the right movable yam guide. The system at the second position 
from the right end is used for accompanying the yam carrier. The system at the left end is 
used for controlling the left movable yam guide. In the structure, the accompaniment of 
the right movable yam guide is started at a position spaced 6 inches from the yam carrier to 
the right side, and the accompaniment of the left movable yam guide is started at a position 
spaced 12 inches from the yam carrier to the left side. 

In the course 1, the left movable yam guide is accompanied, and the 
accompaniment is released at a suitable position. The accompaniment of the right movable 
yarn guide is started immediately before the end position of the course 1 . In this case, at 
the position near the end position of the course 1 , the interval between the left movable 
yam guide and the yam carrier becomes about 20 inches. In the course 2, the right 
movable yam guide is accompanied. From a middle position, the left movable yam guide 
is also accompanied. The end position of the course 2 protmdes to the left side. Therefore, 
in the course 3, the left movable yam guide is accompanied, and the accompaniment is 
released where the left accompaniment of the movable yam guide becomes possible in the 
course 5. In the course 3, the right movable yam guide moves slightly to the right side 
such that the minimum interval between the right movable yam guide and the yam carrier 
becomes 6 inches. In the course 5, the left movable yam guide is accompanied, and then, 
the right movable yam guide is accompanied. Since the right end of the course 5 protmdes 
to the right side, in the course 6, the right movable yam guide is accompanied so that the 
next accompaniment will not be inhibited. 

Outlined arrows in FIG. 7 indicate portions where the accompaniment of the 
movable yam guide in the subsequent courses is taken into account. Assuming that the 
portions indicated by the outlined arrows are not provided, for example, if the left movable 
yarn guide is released at a position spaced about 10 inches from the left end of the yam 
guide rail in the course 2, the accompaniment of the left movable yam guide is not possible 



in the course 5. The accompaniment or the like of the right movable yam guide in the 
course 6 is performed in the same fashion as in the case of the course 5. 

As described above, in the embodiments, since the carriage accompanies the 
movable yam guide, the movable yam guide is always kept at a suitable position relative to 
5 the yam C2irrier. Further, the movement of the carriage only for moving the movable yam 
guide is not required. Moreover, since the control data for the movable yam guide is 
generated based on the control data for the yam guide, even in the case where the knitting 
program does not have any control data for the movable yam guide, the control data for the 
movable yam guide can be generated, and the knitting program can be executed on the flat 
1 0 knitting machine using the control data for the movable yam guide. 

Brief Description of the Symbols 
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yarn guide rail 
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yarn carrier 
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movable yam guide 
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rail end 
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fixed yam guide 




10, 11 


yam 




12, 13 


projection 
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14, 15 


yam hole 
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accompaniment pin 
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needle bed 
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carriage 




24 


accompanying imit 


25 


30 


knit design apparatus 




32 


automatic control data generation unit 




33, 45 


movable yam guide control data generation unit 
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34 


automatic control data 


36 


yam carrier control data 


37 


movable yam guide control data 


38 


disk drive 


39 


disk 


40 


LAN interface 40 


42 


flat knitting machine 


44 


control unit 



